Several publications have appeared which suggest a pro tein-sparing action of dietary antibiotics in pigs (Catron et al., '52) , turkey poults (McGinnis, '51), and chicks (Macklin et al., '52). As a result of their studies with chicks Anderson et al. ( '52 ) concluded that penicillin enhanced protein utili zation but did not alter the protein requirements. Similar conclusions have been drawn by Biely et al. ('52) and John son ( '52) . A review of this aspect of antibiotic action reveals considerable difference of opinion in the interpretation of similar sets of experimental data when based on growth or food and protein efficiency ratios. Vijayaraghaven et al. ('52) postulated that the growthpromoting effect of aureomycin depends on the biological value of the dietary protein employed. They noted that the majority of positive reports on the action of aureomycin have been obtained, as with their studies using mice, on diets con taining plant proteins. The authors considered that anti biotics may promote the development of a microflora which enhances the availability or intestinal synthesis of critical amino acids. Lack of response to aureomycin when proteins or protein mixtures of high biological value (e.g., casein, peanut meal, calf meal) were fed, indicated to them that a favorable effect of aureomycin did not occur because amino acids were not limiting factors in these proteins. Although 5 antibiotics tested improved 90% rice diets for rats, only two of these antibiotics were effective in improving the rice rations when supplemented with lysine and threonine (Pe cora, '53).
On the other hand, Biely et al. ('52) concluded that with a better balance of amino acids a greater response to anti biotics was possible in chicks than with rations deficient in some amino acid. Antibiotics had little or no stimulatory effect on growth with rations in which the limiting factor was either lysine or tryptophan. Similarly, Bloss et al. ('53) found that aureomycin was ineffective in counteracting the tryptophan deficiency of experimental rations for pigs. Jones and Combs ('51) reported that chicks responded with im proved growth when aureomycin was added to a diet suboptimal in tryptophan, but not in the case of a diet subopti mal in lysine. Penicillin enhanced the growth response from added methionine with a diet low in this amino acid but did not spare methionine in the basal diet alone.
A close similarity of nitrogen retention in antibiotic-sup plemented and control animals, in spite of improved growth and protein efficiency ratios by the supplemented groups, has been noted in rats (Black and Bratzler, '52; Pecora, '53) , pigs (Braude and Johnson, '53) , and dogs (Arnrich et al., '52) . This raises a question regarding the composition of gains induced by antibiotics. Several publications (Becker et al., '53 ; Beeson, '52 ; Bowland et al., '51 ; Huang and McCay, '53; Perry et al., '53) have indicated increased fat deposition with decreased protein content of pigs fed antibiotics. Others (Catron et al., '52; Bennison et al., '51; Jensen et al., '52) , however, were unable to verify this observation. " Wilson et al. ('53) found that fat deposition was not increased when the addition of aureomycin accelerated growth, but only when a high-protein ration was used without stimulation of growth. Recent studies by Hartsook and Johnson ('53) showed that with methionine and cystine at levels bordering on the in adequate, the inclusion of terramyein enhanced weight gains chiefly by increasing fat deposition in rats, the efficiency of nitrogen utilization being reduced. When adequate or excess methionine or cystine was present, the efficiency of nitrogen utilization was increased, and carcass fat deposition did not increase as fast as with the diet bordering on inadequacy with respect to these amino acids.
Observations of body composition following antibiotic ad ministration have not been limited to studies with swine. Arnrich et al. ('52) concluded that extra weight gains of dogs fed purified diets supplemented with aureomycin were due solely to increased fat deposition. Microscopic obser vations of some rats receiving antibiotics showed a slight increase in tissue fat and glycogen as compared with the controls (Pecora, '53) . Black and Bratzler ('52) have also reported a trend toward a higher fat content of the bodies of rats when streptomycin was added to their rations. Simi lar results were reported when turkeys were fed penicillin (Saxena et al., '53) .
Since reports in the literature concerning the interrelation of dietary proteins and antibiotics are somewhat variable, further study of this aspect of antibiotic action seemed de sirable. This investigation deals with the effect of the bio logical value of the dietary protein, amino acid supplementa tion, and varying levels of protein in the diet on the response of young rats to aureomycin.
EXPERIMENTAL
Weanling male albino rats were housed individually in elevated wire-bottom cages. Eats from the Purdue Biochem istry colony were used in the preliminary experiments, and those from a Wistar-Purdue strain for the remainder of the study. The minimum length of the experimental period was 4 weeks; some groups were continued for an additional one or two weeks. Data are presented only for the 4-week periods since essentially the same results were obtained for the longer periods. The diets and water were fed ad libitum. Eats were weighed twice weekly, while their food intake was determined once a week. Aureomycin hydrochloride, when used, was added to basal diets at a level of 10 mg %.
Sources of dietary protein were casein, cottonseed meal, or soybean meal. The composition of the various diets is given in table 1. An attempt was made to have equivalent amounts of fat and fiber in the 15% protein diets by the addition of Wesson oil and "Alphacel" in suitable amounts to the soybean meal and casein diets. 'Wesson, L. G. Science, 76: 339, 1932 . ' Vitamin mixture : thiamine HC1 250 mg, pyridoxine HC1 250 mg, riboflavin 500 mg, niacin 500 mg, calcium pantothenate 2.5 gm, para-aminobenzoic acid 5 gm, inositol 15 gm, choline 150 gm, folie acid 10 mg, biotin 50 yug, menadione 125 mg, alpha-tocopherol 5 gm, oleum percomorphum 25 gm.
Amino acid supplementation was designed to raise the level of deficient amino acids to that used by Eamasarmer and co-workers ('49) in their optimum essential amino acid mixture for the growing rat. The composition of the amino acid mixtures is indicated at the bottom of table 3.
From the report of the Bureau of Biological Research, Eutgers University ('46-'50) on the amino acid composition of casein, it was calculated that 9 gm of casein should supply 0.3 gm of methionine. Accordingly, 0.3 gm of DL methionine was added per 100 gm of the 9% casein rations to supply a total of 0.6% methionine, the amount recommended by WoDownloaded from https://academic.oup.com/jn/article-abstract/54/2/271/4722679 by guest on 11 April 2019 mack and Rose ('41) and Ramasarmer et al. ('49) . It was thought that this amount of methionine would be sufficient to satisfy the requirement for both methionine and cystine.
In addition to observations on weight gains, 5-day nitrogen metabolism studies were conducted on selected groups of rats during the second, third, or 4th week of the experimental period. All nitrogen determinations were made by the boric acid modification of the macro-Kjeldahl method. In a preliminary experiment, a study was made of the degree of growth stimulation induced by aureomycin when (a) casein, (b) cottonseed meal, or (c) soybean meal supplied 15% protein in the diet. The results of this study are pre sented in table 2. Rats fed 15% casein diets did not respond with increased growth when aureomycin was given. When the two plant products were used in the diet, however, aureo mycin was effective in stimulating growth. These findings are in accord with those of Vijayaraghaven et al. ( '52) as a result of similar studies with mice.
When compared at the end of 4 weeks, the stimulatory effect of aureomycin was more pronounced at the 15% pro tein level with soybean-meal diets than with the cottonseed-meal diets which did not support a good rate of growth. It was decided to increase the level of protein in the cottonseedmeal diets to 18 and 21% in order to promote better growth. Taking the gain of the controls as 100%, aureomycin added to 18% protein diets produced a gain of 134% during a period of 4 weeks (table 3) as compared with one of 111% when used as a supplement to the 15% protein rations (table 2) . Simi larly, when added to 21% protein rations, aureomycin pro duced a gain of 119%. Supplementing the 15% protein level of the cottonseed meal rations with amino acids thought to be deficient markedly improved the growth rate. Aureomycin added to the amino acid-supplemented rations caused a gain 38% greater than in the control group. These results bring to mind the report of Biely et al. ( '52) who suggested that a greater response to antibiotics was possible with a better balance of amino acids.
The addition of aureomycin to soybean-meal diets (15% protein) supplemented with AAM 1 ' elicited less response than its addition to the same rations without amino acid supplementation. It is conceivable that the greater maturity of these rats may have influenced results. The possibility also exists that this amino acid mixture actually produced an amino acid imbalance, in which case these results would be consistent with the hypothesis of Biely et al. (op. cit.) concerning the importance of amino acid balance in anti biotic growth studies. A comparison of growth and protein efficiency data (table 3) of rat groups 8 (15% protein) and 9 (15% protein plus AAM 2) indicates that AMM 2 was at least partially effective in counteracting the deficiencies of the soybean rations. The response to aureomycin in these two groups was nearly the same.
The difference in growth rate of groups 1 (table 2) and  8 (table 3) , both fed 15% soybean-protein rations and having the same average starting weights, may be due to two factors. The preliminary study with groups 1, 2, and 3 was carried out in the spring, while the remainder of the experimental 3.50 C = control. S = aureomycin-supplemented. P. E. rati ; = gm gain/gm protein intake. 1Amino ucid mixture 3 = DL-methionine 0.37, L-lysine 0.47, DL-phenylalanine 0.12 gm per 100 gm ration. 1Amino acid mixture 2 = DL-methionine 0.36, L-lysine 0.16, DL-phenylalanine 0.16, L-histidine 0.14 gm per 100 gm ration.
3Amino acid mixture 1 = DL-valine 0.70, DL-methionine 0.50, L-lysine 0.05, L-histi dine 0.20, DL-threonine 0.60 gm per 100 gm ration.
work was performed in the summer months during which extremely warm and humid weather prevailed. Since the laboratory was not air-conditioned, the weather conditions may have influenced food consumption and growth. Secondly, a difference in the strain of rats may have been a factor since the strain used for the preliminary study was not available for the subsequent experiments.
The fact that improving the nutritive value of cottonseed or soybean rations, either by increasing the protein level or by supplementation with limiting amino acids, did not cancel the stimulatory effect of aureomycin on growth suggests that the antibiotic does not function by increasing the availability or intestinal synthesis of these amino acids.
To test this hypothesis further, the protein level of the casein rations was lowered to 9% where methionine or cystine is a limiting factor. Contrary to expectations, aureomycin did enhance growth under these conditions, with both groups of rats studied (7 and 12), although it had no effect with 15%-casein rations, as seen in table 2. The effect appeared to be more pronounced with the less mature animals. At first appraisal, these results seemed to oppose the findings obtained with the plant protein rations in that the antibiotic elicited a response when casein was fed at a level known to be in adequate with respect to amino acid content, but not when a higher level, supplying adequate amounts of amino acids, was used. In an attempt to elucidate the problem, 0.3% DL methionine was added to the 9%-casein diet of another group of animals. Improved growth and food efficiency ratios indi cated that the supplementary methionine improved the quality of the 9%-casein rations. But since aureomycin produced an even greater response when added to the methionine-supplemented rations, it would seem that some factor or factors other than an amino acid deficiency was involved in the re sponse of casein rats to aureomycin. A possible explanation is that aureomycin spares some unidentified growth factor in casein (but absent in the plant proteins used) which is limit ing at the 9% level. That antibiotics may spare the requireDownloaded from https://academic.oup.com/jn/article-abstract/54/2/271/4722679 by guest on 11 April 2019 ment for an unidentified growth factor in casein, has also been suggested by Scott and Jensen ( '52) as a result of their studies with turkeys.
The influence of auroemycin on nitrogen metabolism is indicated in table 4. It is interesting to note the increased Ie4 is5544440.820.961.001.262.011.9582.987.583.085.783.386.80.510.610.710.901.24 .4 percentage of absorbed nitrogen which is retained as a result of the addition of AAM 2 and AAM 3 to soybean and cotton seed rations, respectively. This gives further evidence that these amino acid mixtures improved the amino acid balance of the rations to which they were added. The antibiotic consistently improved the apparent digesti bility of cottonseed and soybean proteins in all dietary groups Downloaded from https://academic.oup.com/jn/article-abstract/54/2/271/4722679 by guest on 11 April 2019 tested regardless of the age of the rats. This is in accord with the findings of Huang and MeCay ('53) who reported increased protein digestibility coefficients when pigs were fed terramycin. Black and Bratzler ('52), however, found no observable effect on apparent digestibility of protein when streptomycin was added to rations for rats. Although the larger animals consumed more nitrogen and retained larger amounts, the depression in the percentage of absorbed nitro gen with aureomycin supplementation was similar to that of the smaller rats. It is interesting to note the studies cited by Braude et al. ('53) in which it was found that chicks receiving penicillin had thinner intestinal walls than the unsupplemented controls. An effect of this nature might well result in more efficient absorption of nutrients.
In contrast to the beneficial effect of aureomycin on protein digestibility, the antibiotic appeared to impair nitrogen utili zation following absorption from the digestive tract. This effect was particularly pronounced in rats fed the various cottonseed diets; with these animals the favorable influence on digestibility was more than offset by the greater amount of nitrogenous products excreted in the urine. In rats fed soybean-meal diets, the positive effect of auroemycin on digestibility more nearly balanced the negative effect on utilization subsequent to absorption.
The antibacterial effects of a number of antibiotics have been explained on the basis of their action as competitive inhibitors in enzyme systems essential for the life of the bacterial cell. A number of these same enzyme systems are also important in the cells of the host organism. One sug gestion advanced to explain the selective action of antibiotics is that selective permeability prevents antibiotics from reach ing the critical enzyme in the animal cell. If, however, small amounts of the antibiotic were able to penetrate the host cells and were able to exert a minor inhibitory effect, im paired protein utilization by the host could result. This might be an explanation for the results obtained in this study â€"namely, an adverse effect of aureomycin on protein utiliDownloaded from https://academic.oup.com/jn/article-abstract/54/2/271/4722679 by guest on 11 April 2019 zation in the body tissues. Of particular interest are studies which have suggested that antibiotics interfere with protein synthesis in bacterial cells (Hahn and Wisseman, '51; Work, '52) . That antibiotics may also affect enzymatic processes in mammalian tissues is indicated by a number of studies, for example, those of Van Meter et al. ('52) using liver homogenates.
In group 6, fed cottonseed-meal diet and in groups 1, 8, and 9 fed soybean diets, weight gains of aureomycin-supplemented rats during the 5-day metabolism periods, considered as percentage relative to controls, were greater than the relative gains of body nitrogen. These data imply a smaller gain of nitrogen per unit of body weight gained, when rats were fed aureomycin. Several studies cited previously have indicated decreased protein content and increased percentage of body fat as a result of antibiotic administration. In two groups of rats, 5 and 11, fed cottonseed-meal diets, the aver age percentage weight increases induced by aureomycin were in close relationship to the average percentage gains of body nitrogen. It appears that in these two groups, the increased food consumption of supplemented animals supplied enough extra protein to support gains of approximately normal composition with respect to nitrogen, in spite of the impaired net utilization of nitrogen. Since this study exhibits some what inconsistent results regarding this aspect of antibiotic action more information is needed before drawing definite conclusions concerning the composition of the weight gains induced by aureomycin in rats.
The data indicate that protein efficiency ratios bear little relation to the efficiency of protein utilization as judged by nitrogen metabolism studies. Since the weight gains induced by antibiotics are of questionable composition, it is considered that nitrogen metabolism studies serve as more reliable criteria of protein utilization than protein efficiency ratios. The chief limitation of the latter is the assumption, inherent in the method, that all weight increase is of equal composition. 
SUMMARY
Young albino rats were used to study the effect of the addition of aureomycin to diets containing casein, cottonseed meal and soybean meal as sources of protein. Observations were made on growth responses and protein utilization.
A growth-stimulating effect of aureomycin was observed when soybean meal and cottonseed meal supplied protein at the 15% level. The effect was less marked with the cotton seed meal at this level than when the protein leyel was raised to 18%. Aureomycin was ineffective when added to casein at the 15% level but brought about increased weight gains with casein at the 9% level.
Supplementation of the casein at the 9% level and the soybean and cottonseed-meal proteins at the 15% level with the amino acids considered limiting factors resulted in some increase in growth, but there was further improvement on the addition of aureomycin. This suggests that the aureo mycin functioned in a manner beyond that of increasing the availability of the limiting amino acids in the proteins studied.
Nitrogen metabolism studies indicated that aureomycin improved the apparent digestibility of the cottonseed-and soybean-meal proteins, but impaired utilization following absorption. This effect was evident to such a degree in rats receiving cottonseed-meal diets that nitrogen retention ex pressed both in terms of per cent of ingested nitrogen and absorbed nitrogen was actually depressed in antibiotic-sup plemented animals.
